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TRANSLATORS’ PREFACE 


Abridgments of English waterproofing patents have 
been added in order to bring it up to date. It may 
be taken for granted that if a process is worth any¬ 
thing it is patented in England. 

The author deals almost solely with the water¬ 
proofing of fabrics, but we have»fgone outside this 
limit in our selection of patents. 
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WATERPROOFING OF FABRICS. 

CHAPTEE I. 

INTRODUCTION. 

Definition .—Waterproof fabrics are those which, by oovering 
over and impregnating the fibres and filling up the interstices 
between them with a substance insoluble in, and imperme¬ 
able to, water, are not only protected from the destructive 
effect of dew, rain, hail, snow, etc., but the objects covered 
thereby, more especially perishable goods, are also protected 
from these atmospheric influences. Waterproof garments 
are also used to protect persons from rain, and to en¬ 
able them to wade about in water with impunity. Fabrics 
are rendered waterproof by impregnating them with fats, 
oils, varnishes, pigments, guttapercha, indiarubber, oxides, 
aoids, and metallic salts and other media. Little has been 
written on the subject, and the few writers who have dealt 
•with it oannot be congratulated upon their efforts. It is 
oustomary to include under waterproofing such processes 
as the impregnation of wood and paper pulp, the manu¬ 
facture of waxcloth, and of artioles of indiarubber and 
guttapercha, etc. The term should, however, be restricted 
to the treatment of fabrics by chemical means, so as to pre¬ 
cipitate insoluble oxides in the fibre, or the impregnation of 
the fibre with organic bodies, such as paraffin wax, eto,, so 
as to make it impervious. 

Relative and Absolute Impermeability .—Absolute imper¬ 
meability oan never be attained, and does not exist, even if 
1 
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the fabrio has shown itself watertight for weeks or even 
months. If a pouch is made of a waterproof fabrio, and 
kept full of water, we notice at last that the colour of the 
outside begins to ohange up to the level of the water inside, 
without the water itself showing. The outside often, too , 18 
begins to get mouldy. These appearances prove that the 
water has to some extent penetrated the fabrio. They occur 
sooner if the waterproofing has been done with aluminium 
acetate, as the basic alumina salts in the fibre gradually 
dissolve. There is no such thing as a substance absolutely 
insoluble in water, more especially in naturally occurring 
waters. 

Appearance of a Waterproofed Fabric under the Microscope. 
—Materials, when waterproofed by ohemioal agents, under¬ 
go changes only visible under the microscope. If an un¬ 
treated fibre be put under the microscope, and then brought 
into contact with a drop of water, it will be seen to suck 
up the water greedily. But if it has been treated with 
alumina the water is not absorbed, and the drop looks like 
a pearl traversed by the dark threads. Many air-bells crowd 
round the separate threads and stick to them very obsti¬ 
nately, so that even hard pressure with the oover glass does 
not get rid of them. The behaviour of coloured fibres is 
different after they have been waterproofed with acetate of 
alumina or a metallic soap. Here we usually find both the 
dye as a lake and the metallic oxide adhering to the fibre. 
If, however, the waterproofing be done with ammonium 
cuprate or other ammoniacal solutions of metallic oxides, 
npt only is the deposit of metallic oxide to be seep, but 
it is evident that the fibre has been altered and parch-' 
peniized. 

Fabrics To Be Waterproofed Mutt Be . Tightly 
fabric to be waterproofed must be woven very tightly, e.g. 
the cotton fabrio known as "duek ”, ft, flimr'pl fpjjfUti' 
whsfher. its material is animal pr vegetable; 
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impregnation the fibres must be made to keep baok the 
water meohanioally, and the interstices between the threads 
should not be filled up. A very olosely woven fabrio is 
highly impervious of itself, and will resist water as long as 
the fibre takes it up without allowing it to pass through. 
In waterproofing light, thin-fibred or wide-meshed fabrics, 
therefore, they have to be treated with a composition which 
will fill up the interstices and afford protection as long as 
possible against outward agencies. This treatment, how¬ 
ever, alters the whole fabric. The threads become stiller, 
more brittle and less durable, while fabrics waterproofed by 
chemical means undergo no striking change. Not only 
Bhould fabrios to be waterproofed be tightly woven, but there 
should be no flaw in the sewing of the seams. Such flaws 
constitute the weak links in the chain and mar the effect of 
even the best waterproofing. 

It has been already mentioned that fabrics are water¬ 
proofed by impregnating them with fats, suoh as linseed 
oil, boiled oil, etc., or made impervious by applications of 
ndiarubber, varnish, resin, pitch, tar, paints, etc. Suoh 
sethods give a protective coating which protects from the 
weather exactly as wood and other constructive materials 
ire protected. These latter methods, however, not only 
jroduce a coating whioh repels water, but one which also 
repels air. Those processes which are usually oalled 
jhemicai, and also those which aot by stopping up the 
jells and pores of the fabric with an easily deposited sub- 
itanoe are quite pervious to air. This can readily be 
demonstrated by moistening the fabric with the saliva and 
slowing through the fabrio from the other side when large 
lir bells rise out of the saliva. In the former case, pre- 
ripitates Of insoluble metallio compounds or of insoluble 
feptaffic soaps are produced in and upon the fibre by 
theadeal reactions. In the latter, the fibres 'are soaked 
.was, etc.* in solution. The"solyent quickly, 
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evaporates and leaves the paraffin, etc., behind in a state of 
very fine division. Both classes of process yield products 
in which the fabric has suffered no change visible to the 
naked eye, but the paraffin coat is air-tight for a time until 
the folding-up in the cold of the garment breaks up the then 
brittle layer of paraffin. According to the treatment the 
impermeability to water is limited or practically boundless, 
and the fabrics retain their original colour, softness and 
suppleness, except in a very few cases. For example, if 
tannin is used, the colour of the fabric becomes somewhat 
darker, but only an expert would notice the difference. 

If a bleached or unbleached fabric is waterproofed with 
acetate of alumina, its appearance and “ feel ” remain 
exactly as at first. The following substances are used in 
particular for waterproofing fabrics : sulphate of alumina, 
alum, acetate of lead, the sulphates of copper, zinc and iron, 
ammonium cuprate, chromate of potash, paraffin, ceresine, 
wax, soap, etc. 



CHAPTER II. 

PRELIMINARY TREATMENT OF THE i FABRIC. 

Scouring the Fabric To Be Waterproofed with Soda Lye .— 
The fabric to be waterproofed must, if unbleached, first be 
boiled with soda lye, so as partly to remove the colouring 
principle and grease in the fibre. Hemp, linen and jute 
fibres offer great resistance to taking up water, on account 
of their greasy nature. Half or entirely bleached fibres 
have the peculiarity that they do not readily absorb the 
waterproofing fluid, so that they, too, must be scoured. 
The scouring is best done with a 3 to 5 per cent solution of 
carbonate of soda, either in large paraffined wooden vats, 
or, better, in iron boilers, which have been painted inside 
thickly with asphaltum varnish (a solution of natural as- 
phaltum in benzine or oil of turpentine, mixed with some 
good copal varnish). The vessels must be large enough to 
take several pieces at once. Whether of wood or iron, 
they must always have a false, perforated bottom and a 
heating coil of copper tubing. 

The soda ash (ammonia soda is the best) is dissolved in 
water and poured over the goods placed, loosely tied up, on 
the false bottom of the boiler. The lid, in which there is a 
pipe for the escape of steam, is then put on and the con¬ 
tents are boiled up. It is best not to use direct steam, and 
to make up the water as it evaporates. Condensed water 
from the escape steam of the factory engine still hot, should 
be used for this purpose. After boiling for an hour or two, 
the steam is shut off, and the boiler left for about twelve 
hours. The dirty water is then run off through a cook 

( 5 ) 
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below the false bottom. It rarely pays to recover the soda 



Flo. 1.—High Pressure Boiler for Soonring Fabrics (to be Water, 
proofed) with Soda Lye. 

from the dirty soda solution, although it may be worth 
While under very special IocaI -conditions. The above pro-; 
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oess is done quicker and better under pressure. Fig. 1 
shows a high-pressure boiler of wrought iron, tested to 
eight atmospheres pressure, and fitted with a manhole. In 
the centre a turbine is fitted, which, in rotating, pours the 
soda solution, made to flow through it by the action of a 



Fia. 2.—Kier lor Scouring Fabrios to be Waterproofed. 

pump qr injector, uniformly over the fabrics. The apparatus 
is .heated by high-pressure steam. Fig. 2 shows a different 
System. The boiler resembles an . ordinary kier. The 
fabric, A, is piled on the false bottom, 0. A pipe, D, 
brings the soda solution from below, and it is discharged 
ever the goods by E. The soda is foroed np D by. ftp 
pressure Of the steam. This system-acts intermittently, as . 
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after each outburst from E the pressure of the steam must 
increase, till it again overcomes the weight of the liquid in D. 
When the goods are scoured in one of these boilers, clean 
water is run over them so as to wash them completely, that 
is till the soda is completely washed out. This process can 
be hastened by acidifying the first wash-water with sulphuric 
or hydrochloric acid. This acidifying process in bleaching 



. Fia. 3.—Washing Machine for Scouring Fabrics to be Waterproofed. 


language is termed souring and the acid liquid is termed a 
sour. Instead of scouring, the goods can be washed with a 
full-width washing machine (Fig. 3), with a divided wooden 
chest with rotating vanes in it. The washed and rinsed 
pieoes are either hung up to dry, or centrifuged, or dried on 
a cylinder drying machine. A horizontal hydro-extractor, 
such as is shown in Fig. 4, is the best, and in this the fabric 
is drawn op to a drum and then centrifuged. Another type 
is the full-width hydro-extractor shown in Fig. 5. This 
machine works quietly at a great number of revolutions, is 



preijminabf treatment of the fabric 



Fig. 4.—Horizontal Hydro-Extractor. 



Fig, 5.—Full Width Hydro-Extractor. 
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readily accessible, and does not consume much power 
Simpler and more effective, however, is the machine showr 
in Fig. 6. On a horizontal axis four boxes are arranged, 
which have bottoms and sides of strong iron rode 
Bach will hold one or two pieces of fabric. When they 
are all full, lids are put on them and the axis is rotated. 
Centrifuging in this way causes no creases. 



Fia. 6.—Centrifugal Machine. 


Boiler drying machines (Fig. 7) are largely used. They 
consist of a varying number of hollow copper rolls, and are 
heated by steam. The ends of the rolls are steam-tight, sad 
draw the fabric through the machine by friction. The speed 
is regulated by suitable gearing. The machine is provided 
with stretching frame and rolls for receiving the dried goods. 
In machines with two rows of rolls, both sides of the goods 
come into contact with the hot rolls. Care must be taken 
that the diameter of the rolls is not too great. It should not 
exoeed 22£ inches’, as repeated' experience has shoyn that 
•mall, rolls are much to be preferred to larger ones. ‘ This is 
easilj? understood iff tw epmp*re the useful &urfaee;Mtb ; iss 
Useless,, ie,j the curved Mgjjtae (With the surfaoeof.j&'’ir<^r; 
«^d«- If ,we compare one rofl off »®e$i®s diameter withthire* 







fftEMMlNAlt? TREATMENT ON THE EABfelC 11' 
each of 1 metre, we get the same result for the total oircmnfer- 



enoem both eases, viz., 9*42 metres. But the ends of the 3- 
gflt&S »H have a total area of 2 x £ x 314 - 14*13 square 
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metres, and the total area of the six ends of the 3-metre 
rolls is 6 x l x 314 = 4’71 square metres only. Henoe 
the surface which has no drying action, and which wastes 
heat' by radiation, is much smaller in the case of the small 
rolls, while the useful surface is the same. Besides, haying 
a large number of rolls permits a more gradual raising of the 
temperature than is possible with only a few rolls. Small 
rolls, too, are more easily removed and replaced than big ones. 

Another advantage with smaller rolls is that the goods 
pass more quickly from roll to roll, and there is much less 
risk of the goods clinging to the rolls than with large rolls. 
The different rolls must all be of the same diameter, and be 
turned quite true, so that the fabric will travel uniformly. 
The foundations of the machine must be solid. The steam 
enters the rolls through their hollow axes, and condensed 
water is run off in the same way. The bearings may be 
connected with the steam-tight rolls, without any packing, 
by a system of exactly turned wrought-iron rings. To get the 
full effioienoy of the machine, all water that condenses in the 
rolls must be at once got rid of.' The Hanbold arrangement 
fixed to each end of the roll for this purpose is excellent. 
The lifting tubes often used have the disadvantage that they 
only remove the condensed water partially, and not at all 
if the steam pressure falls below a certain amount. Empties 
bolted or soldered to the roller case are no better. If they 
are bolted, the bolts become loose, and the fabric gets wet 
stains, while if they are soldered, the solder soon gives out, 
and the arrangement oeases to act, To protect the rolls 
from collapsing by the formation of a vacuum in them, it is 
not sufficient to have simple air valves in the roller ends. 
There should be an air valve also over the bearings of 
the roll. Where there is Jack of room, upright drying 
machines shoul4 be used, . A very compact power drier 
of this type, with thirty rolls, is shown in Pig. '8. The 
constrnotion is evident without verbal explanation. 
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The drying of the fabrics on these machines demands 
great oare in maintaining an equable temperature. The 
oopper rolls, too, must be kept scrupulously clean, or the 



Fio. 8.—Boller’Prying Machine. 

fabric will be marked by them with stains which will not 
take the waterproofing liquid properly and will show in the 
finished goods. My experience is that it is best of all to 
dry in a full-width hydro-extractor, which turns out the 
fabrio ready for waterproofing. 









CHAPTEB III 

WATERPROOFING WITH ACETATE OF ALUMINA. 

Preparation of Aluminium Acetate.— As an impregnating 
fluid acetate of alumina has great advantages. It is pre¬ 
pared by the waterproofer himself, and any one of the follow¬ 
ing methods of preparation may be employed : (1) Decom¬ 
posing sulphate of alumina with acetic acid in the presence 
of chalk. (2) Decomposing sulphate of alumina with sugar 
of lead. (3) Decomposing sulphate 'of alumina with ace¬ 
tate of lime. 

Alum can be used instead of sulphate of alumina, but the 
latter is generally preferred, not only because it is cheaper, 
but because it can be got on the market free from iron, or 
practically so. Freedom from iron is very important, es¬ 
pecially if the fabrics have to be Boaked in the waterproofing 
process. Method number 1 is worked as follows; Dissolve 
30 lb. of sulphate of alumina in 8 gals, of cold water. Then 
add 36 lb. of 30 per cent acetic acid (sp. gr. 1-041). Then 
stir in, a little at a time, a paste consisting of 13 lb. of levi¬ 
gated chalk and 2 gals, of cold water. 

The equation is: A1 j(80 4 ), f 5H,0 + 3CaOO, + 4H 4 C,0, 
- 3CaS0 4 (H 2 0) s + Al a (HO) J (G 2 H a O J ) 1 + 300,. 

The reaction, however, is not really so simple. No heat 
must on any account be used. On account of frothing due 
to the evolution of carbonic acid, the vessel must,only be 
about two4hirdtf filled. It must be provided with stirring 
gas*, meanly to keep the fhtdk from sinking down but 
K®t a' uniform product. TheohaUc must. be run ip through 

• ( 14 ) ’ ‘ "" ‘ 
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a fine sieve (120 mesh) to keep back sand and dirt. When 
all the chalk is in, keep the stirrer going for five or six hours, 
and then allow the whole to stand. As decomposition is 
not quite complete even after twenty-four hours, the stirrer 
should be worked again for another six hours at the expira¬ 
tion of that time, and the whole then run off into a settling 
cask. After twenty-four hours in this, the solution of acetate 
of alumina can be drawn off from the precipitate of sulphate 
of lime. It is better, however, to effect the separation by 
centrifuging or by a filter press. 

Filter Press —A filter press consists of a series of filter¬ 
ing chambers, separated by solid partitions. They are in¬ 
cluded between two strong end pieces, one of which is fixed, 
the other movable. Filter cloths are put between the par¬ 
titions, and must be large enough to prevent leakage at the 
edges. By means of levers, screws or hydraulic pressure, the 
whole contrivance is pressed into a single close mass, and 
we get a number of adjacent vacant spaces communicating 
with one another by openings, and into which the liquid to 
be filtered is pumped, or enters by its own weight. During 
this it is separated,from solid matters, as it passes through 
-the cloths, and runs off by special channels, while the solid 
matter remains in the filter press. According to whether the 
mass to be filtered enters in the middle or at the sides, and 
the space for the cakes is formed by the projecting edges of 


each pftir of plates, whereby the oakes fall out freely when 
the filter press is opened, or the space for the cakes is 
formed by frames hung alternately with the filter plates, so 
that Jhey can be lifted out with the oakes in them, filter 
presses are classified as chamber presses and frame presses. 
f-je fllw iifcir . presses have the advantage that they are of 
^eWBges'jbttlld, and hence more durable. Two filter cloths 
ph oontaet, so that they make a tight joint, and, 
*« the t >3nr in the centre of the ohamber for the entrance 
te^be ‘filtered is wide, there, is no fear Of. the 
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apparatus becoming choked. They have, however, the 
drawback that the filling of them with cloths takes a good 
deal of time; even if the cloths have been prepared by the 
best methods, the cakes have a hole in the middle instead of 
being entire. 

Frame presses have the advantage that they take less 


h ai a i 


filter cloth, as each chamber 
is made tight by a single 
cloth. The cloths must not 
be stretched, and the cakes 
remain whole. Their disad¬ 
vantage is that, on account 
of the smallness of the chan¬ 
nels in their frames, they 
easily get choked, so that 
single chambers remain 
empty. After every opera¬ 
tion the frames have to be 
carefully scraped and 
cleaned, that everything 
Fto. *J. —Platan of Three-Chamber may be tight for the next 
b liter Press. time the press is used. 

Three-Chamber Filter Press .—Besides the above systems, 
we have the three-chamber filter press, distinguished from 
the others by having no cloths, and containing instead 
layerB of sand or charcoal. This press gives a specially 
clear filtrate. Fig. 9 shows the arrangement of the plates. 
Between every pair of frames, a, is a plate, c, while outside 
the frames the plates, b, are placed. The plates b and c 
serve to oarry off the filtrate. The sand or oharcoal is put 
into the frames, a, from above, and forms a solid cake from 


which the filtrate passes to the channels in b and c. When 
the frames, a, have thus been filled with filtering materials, 
the plates,,c, are removed and replaced by the frames, d 
Fig. 10). The frames, a, and the plates, b, are not 
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removed. As the filter cakes must be freed from the 
filtrate that clings to them, a rinsing arrangement mast be 
attached to a filter press. 

For this purpose, two addi¬ 
tional channels are provided 
in each filter plate—one to 
admit the rinsing water, the 
other for its escape. The 
first channel is connected 
with the filtering surface of 
every other plate only, 
whose draw-off cocks are 
shut, and admits water be¬ 
hind the cloths, and there¬ 
fore behind the cakes. It 
goes through the first cloth 
and then through the cakes, 
then through the second 
cloth, and runs at the back 
of the latter away through the second channel, taking with it 
the liquid rinsed out of the cakes. The cakes are washed till 
free from acetate of alumina. All the wash water from the 
press which is not of lower gravity than 3° B. is used in 
waterproofing, and the weaker liquors are employed to 
dissolve the next lot of sulphate of alumina and to mix with 
the- chalk instead of water. The cakes of gypsum left in 
the press have no value, and are thrown away. 1 The filter 
press is to be preferred to the hydro-extractor, as it gives a 
clearer filtrate and does not require such skilled and careful 
attention. A variation in the process described consists in 
stirring together 36 lb. of 30 per cent acetic acid, 13 lb, of 
levigated ohalk, and 2 gals, of cold water, till the evolution 
of carbonic acid has nearly ceased. The mass is then left 

' They might be dried and used for paint purposes or as manures. 

0 . 


i at a d a t 



Fig. 10.—Frames and Plates of 
Three-Chamber Filter Press. 
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for a few hours, when a solution of 30 lb. of alumina 
sulphate in 8 gals, of water is poured in. After stirring till 
' the fresh evolution of carbonic acid has ceased, proceed as 
before directed. It will be seen that this method of prepar¬ 
ing acetate of alumina takes a long time, and is, on account 
of the use of acetic acid, rather expensive. The acetate of 
alumina obtained contains some undecomposed sulphate, 
but that is no bar to the use of the solution and does no 
harm. A considerable number of people consider that the 
best acetate of alumina for waterproofing is that prepared by 
the reaction between sulphate of alumina and acetate of 
lead. The proportions of the two to be taken are stated dif¬ 
ferently by the various authorities, as some take equal 
weights, some more acetate than sulphate, and some more 
sulphate than acetate. At ail events cold solutions only 
must be used, and a mechanical stirrer is indispensable for 
proper work. Besides the mixing vessel with its stirrer, 
two smaller vessels are required, one for dissolving the lead 
salt and the other the sulphate of alumina. These vessels 
are plaoed above the mixing vessel, so that their contents 
• oan be run into it by taps. They are tilted so that the taps 
are at their lowest parts, and they can be completely 
emptied. The liquids are led into the mixing vessel by 
funnels closed by wire gauze for filtering purposes, and 
flowing together into the larger vessel. Water having been 
previously pqt therein, the stirrer is set in motion and the 
oooks are opened to let in the two solutions. When all is 
in, the stirrer is kept at work for about six hours. The 
liquid is run off into the settling cask and left for twenty- 
four hours to clear. The dear solution is then run off, and 
the precipitate is washed on filter oloths, or the whole te 
pimped directly into the filter press, which is afterwards 
rinsed out in cold water, Hare, too, the liquors of not .teas'; 
than 3° B. are used in Waterproofing and ifee weti&t one*: 
usedjor dissolving - fresh,lots of lead and alumina -i all.: 
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This process, too, is not very cheap, on aocount of the price 
of sugar of lead. The bye-product (sulphate of lead) cer¬ 
tainly has some value, but only as a pigment, for whidh 
purpose it is very inferior in body to white lead. The con¬ 
version of sulphate of lead into white lead by boiling with 
oarbonate of soda entails a good deal of labour and expense. 
As equally good acetate of alumina to that obtained as 
above can be got by cheaper methods, the foregoing pro¬ 
cesses should not be used except - in case of necessity. 
When prepared by the seoond method, the acetate of 
alumina should contain an excess either of sugar of lead 
or of sulphate of alumina. This is of no consequenoe 
provided the waterproofing prooess includes a soaping, for in 
this case the excess is converted into insoluble soaps. If, 
however, the goods are not soaped, the solubility of the salt 
in excess detracts from the waterproofness. Fabrics con¬ 
taining an excess of sugar of lead acquire a blackish-grey 
appearance in air containing sulphuretted hydrogen, on 
aocount of the formation of sulphide of lead. Unquestion¬ 
ably the cheapest method of manufacturing aoetate of 
alumina is to use sulphate of alumina and crude acetate of 
lime. The process is exactly like that from sugar of lead. 
The crude acetate of lime has a grey, sometimes nearly 
black colour, owing to the presenoe in it of tarry matters. 
The larger the proportion present of these the darker is the 
colour. Too tarry an acetate should not be. used, as it 
gives a very dark solution of acetate of alumina which is 
not easily decolorized. The crude acetate of lime always 
contains carbonate of lime' as well, and it is necessary to 
find out by trial how much of it is required to react with a 
given weight of sulphate of alumina. It is a good plan to 
keep solutions of both the ingredients in stock, ready for 
mixing in the proper proportions. The apparatus neces¬ 
sary is the same as when sugar of lead is used. The most 
proportions are 100 lb. of orude calcium aoetain to 
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TOO lb. sulphate of alumina, dissolved separately in water to a 
strength of 5° to 8° B. It is necessary to have plenty of 
room in the mixing vessel, to provide for the evolution of 
carbonic acid. When the evolution of gas has oeased, a 
sample of the mixed fluids should be taken, and part of it 
tested with chloride of barium, and part with sulphuric acid 
or with oxalate of ammonia. If the barium chloride gives a 
precipitate the sulphate of alumina is in excess, and if the 
other reagent gives a precipitate there is too much acetate of 
lime, so that after the test matters can be put right by 
adding more of whichever salt is deficient. This should be 
repeated till a precipitate is given in neither case. We then 
have an acetate of alumina which contains no more than 
traces of an excess of either ingredient. It is better to have 
an excess of sulphate of alumina than of acetate of lime. 
A small excess of the former does no harm, but an overplus 
of the latter is to be avoided. As in the other processes, 
the solution is run off and filtered through cloths or a filter 
press as already described. The cakes of sulphate of lime 
from the press can be used with lime and ashes for mending 
roads. 1 The acetate of alumina solution is generally used 
of a strength of from 3° to 5° B., but often from 6° to 8° B. 
It must be clear and give no colour with sulphuretted 
hydrogen. A white precipitate with that reagent shows the 
presence of zinc, a dark coloration the presence of lead or 
copper. If 5 cubic centimetres of the solution are mixed 
with 10 cubic centimetres of 90 per cent spirit, there must 
be no precipitate, but only an opalescence. 

1 [Such roads would be in a pitiable condition in wet weather. See 
note, p. IT (Reviser).] 



CHAPTER IV. 

IMPREGNATION OP THE FABRIC. 

Impregnation by Steeping .—The simplest, most primitive, 
and least to be recommended method of doing this is to 
steep the prepared fabric for twelve hours in the ace¬ 
tate of alumina solution. This method, if work is done on 
anything like a large scale, requires much space and labour 
and a large number of vessels, besides a large stock of aoe- 
tate of alumina, as the pieces must be entirely immersed. 
As the pieoes lie folded in the liquid, the outer parts of 
them absorb more than the inner, so that the impregnation 
is very far from being uniform. The consequence is that 
the fabric has to be treated with the acetate a second time. 
These difficulties can be avoided by using the sinker shown 
in Fig. 11. The fabric is there stretched on a frame pro¬ 
vided with hooks. The frame consists of a vertical rod 
with a hook on it above and below. It carries a system of 
radial and concentric rods at each end. The lower system 
is fixed, but the upper can be raised or lowered at will. 
Both are liberally provided with hooks for stretching the 
fabric. The end of the piece is fixed in the middle, and 
the length is wound round and round the apparatus, so 
that the pieoe is hung up at full width. When the pieoe 
has been fixed the upper system of rods is raised so as to 
stretch it, The whole is then suspended by a chain in the 
impregnating liquor, which must be heated to 35° or 38° C. 
(95° to 100 4° F.). It is very difficult to heat a large volume 
of liquor uniformly. In this case it is impossible to use 
( 21 ) 
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direct steam, for if the temperature rises above 38° 0. (I0O'4° 
F.) the solution is precipitated in the form of a basic 
^ acetate of alumina 

JKl and becomes useless. 

I | This precipitation 

takes place at once 
fifffOTWfffffT I at the spot where the 

iiljjjjijijijiijlilj 8tea “ «*«. and 

HI soon covers the per- 

iiiiliiiiiiijiiii:!: W iliiiiiiiiiiiijiji'i forated ooiL Again, 

iiiiiiiiliiiii;;:;:! T iiiiijiiiiiiiiiiiiii * is impossible to 

I maintain a uniform 

I temperature by stir- 

I ii|iiiiii|i!;iiii:i! **»* as there » too 

X large a bulk of fabric 

Jft in the liquid. The 

lower part of the 

iiiiiiiiiiiil;!:!::: Ill li q uid w apt to be- 

- come precipitated, as 
above stated, while 
|1| N. the upper part re- 

1 y sC y mains unheated, and 

*t is well to heat the 
aluminium acetate, 
{,*••*•) even in the summer, 

'n. while in winter it is 

y^N. a necessity. Maiiy 

people try to avoid 
^N. y/ the difficulty by giv- 

N. ingthe fabrics twenty- 

tt four or even forty- 

Wia. 11.— Sinker Apparatus forStretoh- hour* in (ha 

ingFabricsduringlmpregnation, “»“* “ our * » «®6 

/ solution, so as to give 

the heat every ohanee of becoming uniformly distributed. 
This, however, is not advisable. fcy some of the colour 
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left by the preliminary scouring (p. 5) then gets into the 
liquid and renders it unsuitable for further use. Whether 
this long sojourn in the acetate tenders the fibre or 
not is not yet certain. Experiments with a view to 
ascertain this are being carried on, but have not yet 
been concluded. The impregnation need not take longer 
than six hours, or eight at the outside, and when it 
is finished the liquid is run off by means of a cock placed at 
the lowest part of the vessel below the false bottom. It is 
then pumped into another impregnating vat for re-use. The 
fabrio is left for a time on the false bottom to drain. During 
this time the pieces are turned over once, to prevent any 
part of them from being wetter than another. If the sinker 
has been used it is turned upside down after partial draining, 
and the framework is continually rotated. It is, however, 
in all cases better to effect the impregnation by mechanical 
contrivances. The jigger, the padding maohine, and the 
roller printing machine all do excellent service in this way. 
Their use is the more to be reoommended as they economize 
impregnating liquid. Thepieoes sewn together at the ends, 
are wound, up either by hand or power upon a reel. It has 
proved advantageous to make these machines with semi- 
cylindrical bottoms and to allow the upper parts of the sides 
to separate far enough for the liquid driven out from the 
fahrios by the wringing to fall back into the box. The 
bottom of the box is fitted with a steam ooil or better with a 
steam jacket for beating the liquid. A cook serves for 
emptying the box, which is made of deal or of iron, mid 
fined with copper or Indiarubber. At .various depths within 
the box guiding rollers are placed, usually from two to five, 
iu the liquid near the bottom, and the same number near the 
edge of the box and outside the liquid. There is also a pair 
oljWringing rollers. The guiding rollers are of wood. The 
stringers'' are covered With indiarubber. 'The reds for the 
jtapable of having their rotation reversed, so Ibid 
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the doth can be passed baokwards and forwards through the 
impregnating liquid. A brake is used with the winding-off 
reel to give a certain amount of tension to the cloth. The 
arrangement of this jigger is shown in section in Pig. 12. 
A fabrio runs full width under the guiding rollers in the 
liquid, then through the wringers, and then on to the re- 



Fra. 1'2.—Jigger for Impregnating Fabrics with Waterproofing Fluid. 

oeiving reel, and goes backwards and forwards till its whole 
length is properly impregnated. 

If we use a padding machine instead of the jigger, the 
stuff is wound off one roller, passes over guiding rods, and 
is spread out flat by a spreader. It then enters the trough 
containing the impregnating liquid. At the bottom of the 
trough are two or three wooden rollers and a copper steam 
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coil. Prom the trough the fabric passes through a pair of 
indiarubber wringing rollers, and is then rolled up. As the 
entry and exit of the fabric are at the same side, the 
machine must be built extra high, so that it is possible to 
work the goods under it. The writer has seen in one factory 
a full-width washing machine used for impregnating, it 
being provided with reversing gear. 

A somewhat different apparatus is that of Miller & Son 
(Pig. 13). This consists of a number of vats, C and D, 



Fio. 18.—Machine for Impregnating Fabrics with Waterproofing Liquor 
(Miller & Son). 


containing the impregnating liquid, and ripped and per¬ 
forated stretchers, K, from the inside of which the air can 
be exhausted, as well as of heated rolls, L, and one or 
more rollers, M, dipping into the trough, N. N is filled 
with hot substances soluble in water, through whioh the 
fabric travels. 

Whatever kind of apparatus is used, care must be taken 
to keep a proper quantity of impregnating liquid in the 
troughs, pouring more in as it is removed by the fabric; the 
specific gravity of the liquid in the troughs must be tested 
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from time to time and reinforced if it has become too dilute. • 
The fabric is passed backwards and forwards through jibe 
liquid for four to five hours, at the end of which time it will 
have become thoroughly soaked. 

Vacuum Plant for Impregnating Fabrics with Waterproofing 
Liquors .—The most rational and rapid, and the cheapest, 
method of impregnating is by means of a vacuum. The 
necessary apparatus occupies very little room, requires little 
labour, and only small quantities of impregnating liquid, 
while the action is mechanical throughout. The apparatus 
is a cylinder made of iron or wood, and lined inside with 
thin sheet copper. The cover is removable, and with it a 
basket composed of thiokly coppered iron rods, and having 
a smaller diameter than the cylinder itself, can be lifted 
in and out. The cylinder is vertical or horizontal according 
to the space available. The basket is divided into compart¬ 
ments by gratings or perforated plates, so that several lots 
of fabric can bo impregnated at a time. The fabrios are 
wound up into loose rolls whioh are stood on end. The 
cylinder is provided with the necessary accessories for heat¬ 
ing it, exhausting the air from it, etc., as well as cocks for 
admitting and removing liquid. The dimensions of the 
cylinder are so adjusted that very little liquid is needed to 
fill it. When the cage is filled with fabrio and a vacuum has 
been made, the impregnating liquid is admitted into the 
cylinder. When it is full, as indicated by the gauge glasses 
provided, more is forced in by a pump, until there is a 
pressure of 2$ to 3 atmospheres inside the cylinder. This 
pressure is kept steady'for from .30 to 45 minutes. The air, 
and blow-off cocks are then opened, so as to drain off the 
liquid. This, after having been reinforced to the proper 
strength, is pumped back to the cylinder for a fresh opera¬ 
tion. When the ! liquid has inn out, the cover is removed 
'and the basket is Men out. ' A fresh basket-full of fabric 
has been got ready during the teeatraeat of the first bateh| 
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so that it can be put at once into the oylinder, and the 
work can go on as nearly as possible without interruption. 
Mechanical arrangements, such as systems of levers, etc., 
are provided for this manipulation. 

The process secures complete penetration of the fibre by 
the solution of acetate of alumina. The exhaustion of the 
air between the fibres and from the interior of the cells of 
the fabric gives the liquid free access to every part, so that 
every cell gets filled with it. This is, of course, also facili¬ 
tated by the pressure put upon the liquid as above de¬ 
scribed. 1 

. 1 t Tllis latter vacuum process is identical with that used in the creosot- 
mg of sleepers (Reviser).] 



CHAPTEB V. 

DKYING. 

Dryhig Booms .—After the fabric has been impregnated by 
one of the above methods, and has been drained of excess 
liquor as far as possible, it has to be dried. This process 
must be done at a high temperature, so as to ensure the 
formation of the insoluble basic acetate of alumina and to 
fix it in the fibre. During this reaction acetic acid is evolved 
and makes itself evident by its smell. The drying rooms 
are usually brick chambers, and must be roomy, so that the 
workpeople can move about in them freely in putting in and 
removing fabrics. They must also be provided with regu¬ 
lated inlets and outlets for hot, cold, and damp air. Every 
opening, including the doorways, must be closed by well¬ 
fitting doors, which should be bad conductors of heat. It is 
a good plan to have hollow iron doors filled with asbestos 
alum. The windows should have closely fitting iron 
shutters, by the dosing of which any conflagration can be 
checked. The drying house should be divided into com¬ 
partments separated by passages, and it is necessary to 
provide water and steam pipes inside, so that either water 
or 8team is available in case of fire. The use of wood must 
be avoided wherever possible in the construction of the drying 
house, and what is used should be soaked in waterglass. Iron 
is to be preferred in building, and both the metal and the wood 
should be covered-with several coats of good cement, The 
roof should be of concrete, sloping to each side from a ridge. 
The concrete should be covered externally with a smooth 
( 28 ) 
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